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Abstract 

This paper demonstrates an inherent flaw in using separate growth and discount rates to estimate the 
expected present value of a future loss.  The argument relies on two axiomatic propositions:   

(1) No one knows what a plaintiff’s or decedent’s future earnings or household services would have 
been, or what the plaintiff’s future medical care costs will be; and  
 

(2) The investment return a plaintiff will receive in the future is unknown. 
 
These propositions lead directly to the conclusion that the best anyone can do is estimate the expected 
present value of a future loss.  This conclusion, in conjunction with the premise that growth and interest 
rates are correlated, lead to the inherent flaw in the use of separate growth and discount rates to estimate 
the expected present value of a future loss – namely, that the resulting present value calculation is biased.  
Moreover, if growth and interest rates are positively correlated, the bias is positive and the resulting 
present value is overstated. 
 
Introduction 

Most, though not all, forensic economists fall into one of two groups:  (1) those who rely on a historical 
or forecasted net discount rate (NDR) to calculate the present value of future lost earnings, household 
services or medical care costs; and (2) those who rely on average historical or forecasted growth rates to 
project losses into the future and current interest rates to discount the future losses to the present.1  This 
dichotomy has existed almost since forensic economics began to be established as a separate/distinct 

                                                           
1  Included in the first group are those forensic economists who rely on historical average values of both growth and 

discount rates calculated over the same time period, since this approach is mathematically equivalent to use of a 
historical NDR.   
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discipline.  For example, Nowak (1991) concluded that a fixed net discount rate cannot be used as a 
general rule for calculating monetary awards, while Pelaez (1991) held that interest rates, wage growth, 
and inflation are unit root processes making long-run forecasts difficult and that the ratio of the earnings 
growth rate to the discount rate – the net discount rate – was stationary.  More recently, Baumann and 
Schap (2014 and 2015) have presented evidence concerning the stationarity of both earnings and medical 
NDRs, while Krueger (2016) has (prematurely) retired the NDR to the dust bin of failed methodologies.  
Even though it is almost certain that the disagreement between these two groups will never be resolved, 
this paper demonstrates an inherent flaw in using separate growth and discount rates to estimate the 
expected present value of a future loss.   

Foundational Propositions 

The argument presented below rests on two axiomatic propositions:   

(1) No one knows what the plaintiff’s or decedent’s future earnings or household services would 
have been, or what the plaintiff’s future medical care costs will be; and  

(2) The investment return a plaintiff will receive in the future is unknown. 

Proposition 1 is clearly self-evident.  Future earnings will depend not only on the growth in some base or 
starting level of earnings, but also on the occurrence or avoidance of the risk that the plaintiff might die, 
not be an active labor force participant even if alive, or that the plaintiff might be unemployed even if 
active in the labor force.  Future household services will depend on the growth in some starting level of 
services and on changes in the plaintiff’s or decedent’s age and household composition, and on their 
mortality and morbidity risk.  Likewise, future medical costs depend not only on the growth rate used to 
project those costs, but also on the plaintiff’s medical progress and mortality risk. 
 
Proposition 2 is also self-evident.  Even if we had perfect foresight concerning the total future returns of 
all possible investment instruments, we could not know what the plaintiff’s future total returns will be 
since we do not know how any award or settlement amount will be invested initially.  Indeed, even if we 
knew the composition of the initial investment portfolio, we still could not know what the plaintiff’s 
future total returns will be since we do not know how that portfolio will change as time passes.  This is 
true even if we restrict the portfolio choice to Treasury securities in order to comply with Pfeifer’s 
requirement that “the discount rate should not reflect the market's premium for investors who are willing 
to accept some risk of default”, since we have no way of knowing at what rate future coupon payments 
will be invested.2  
 
It is clear from the above that both the future losses and the plaintiff’s future total returns are random 
variables.  That is, they are variables whose values depend on outcomes of random phenomena.  It 
follows then, that the present value of the future losses is also a random variable and that the best anyone 
can do is to estimate the expected present value of a future loss – in order to do better than estimating the 
expected present value of a future loss one would, at a minimum, have to know what the plaintiff’s or 
decedent’s future would have been but for the event that gave rise to the tort.  Clearly, no one knows this. 

The Inherent Flaw 

We can state the above conclusion more formally by letting Lt be the future loss in loss year t, and Kt be 
the corresponding present value factor (a function of the discount rate) constructed in a way such that the 
present value, Pt, of Lt equals the product Kt · Lt.  It follows then that: 

(1) E(Pi) = E(Kt · Lt) where E( ) denotes the expected value.  From this, it follows that: 

                                                           
2 Some forensic economists advocate the use of zero-coupon bonds in response to this observation.  In doing so, they 

are ignoring the adverse tax consequences of holding such securities in a taxable portfolio. 
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(2) E(Pt) = E(Kt) · E(Lt) + Cov(Kt,Lt) where Cov( ) denotes the covariance.3   

In other words, any estimate based only on the individual values of Kt and Lt will be biased downwards if 
the covariance between Kt and Lt is positive, and biased upwards if it is negative.  Because Lt is a function 
of future growth in wages, household services, or medical costs, and because economic growth and 
interest rates are positively correlated, the covariance between Lt and the discount rate will be positive. 
There is theoretical and historical support for the positive correlation between growth and interest rates. 
 
First, interest rates determine the quantity of capital supplied (savings) and the quantity of capital 
demanded (investment), which in turn determine expected future economic growth in the long run.  
Consequently, the interest and expected growth rates are positively correlated.  Because Kt is inversely 
related to the discount rate, discounting with separate interest and growth rates means that if Lt is a 
function of future growth in wages, household services or medical costs, the covariance between Kt and Lt 
will be negative and the estimated value of Pt based on their individual values will be biased upwards.4   
 
Second, a review of the historical relationship between interest rates and growth rates reveals that, in a 
preponderance of instances, the measures are positively correlated.  This is shown in Table 1 below.  In 
this table, the 10-year log-linear trendline growth in various measures used to model the growth in 
earnings, household services and life care plan components is compared to the 10-year Treasury rate both 
at the end and the start of the period over which the trendline is calculated.5  In this table, the growth rate 
is calculated over the period from 1980 through mid-2025 whenever the available data exist to permit 
this.  Thus, for most of the CPI (Consumer Price Index) measures, the first trendline growth rate is 
calculated using monthly data from February 1970 through January 1980, linked with the corresponding 
10-year Treasury rates at the end and start of this period.  By comparison, for the ECI (Employment Cost 
Index) the first observation corresponds to 2001-Q1, and the first trendline growth rate is calculated using 
quarterly data from 2001-Q1 to 2010-Q4.  Again, this growth rate is linked with the corresponding 10-
year Treasury rates at the end and start of this period, calculated as the average over each quarter.  In 
Table 1, negative sample covariances and correlations appear in bold, red, font.  Shaded cells denote 
instances in which the sample correlation coefficient is not significantly different from zero at a 95 
percent level of confidence. 
 
Finally, a comparison of the 10-year trendline growth rate (g) for each index in Table 1 over periods from 
January 1980 through June 2025 with the 10-year Treasury rate, shows that the covariance between (1+g)t 
and Kt is negative for t=1,100 for the preponderance of the indices in Table 1.  Additionally, the 

                                                           
3 For any two random variables, X and Y,  

  Cov(X,Y) = E[(X-E[X])·(Y-E[Y])] = E[X·Y - E[X] ·Y - X·E[Y] + E[X]·E[Y]] 
 
      = E[X·Y] - E[X]·E[Y] - E[X]·E[Y] + E[X]·E[Y] 
 
         = E[X·Y] - E[X]·E[Y] which gives: 
 
  E[X·Y]=E[X]·E[Y]+Cov(X,Y) or the result relied on in (2) above with X= Kt and Y= Lt. 
 
4 If Kt is expressed on a net discount rate basis, and if the NDR is stationary, Lt will not be a function of future 

economic growth or inflation and Cov(Kt,Lt) will equal zero.  Consequently, use of an NDR eliminates the bias in 
the estimated value of Pt.  Note that it is necessary to test the NDR for stationarity because it is a forecast of the 
difference between the growth rate and the discount rate.  Clearly, if the NDR is not expected to be stable about 
some mean, but is instead nonstationary, a forecast based on its mean will not be meaningful.  Put differently, 
E(Kt) in (2) above would not be a constant. 

 
5 Most reports that I have seen would rely on the Treasury rate as of the end of the period over which the growth rate 

is calculated.  However, Ed Foster (Foster, 2015) has suggested that the interest rate be measured at the start of the 
period over which the growth rate is calculated.  This is because interest rates reflect expectations of future 
growth, not past growth. 
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correlation between the (1+g)t and Kt is negative and statistically significant from zero at a 95 percent 
level of confidence.  The exceptions to this pattern are the CPI for nonprescription drugs through March 
2023, which exhibited negative growth rates over the period, and the CPI for medical equipment and 
supplies which had a positive correlation from January 2021 through February 2023. 
 
 
Conclusion 

The main conclusion of this paper is that using separate growth and discount rates to estimate the 
expected present value of the plaintiff’s future losses produces a biased estimate of the expected present 
value of the future losses.  Since the plaintiff’s future losses and investment returns depend on the 
outcome of random phenomena, the losses and the investment returns are random variables and the 
expected value, E(Pt), can be shown to be equal to E(Kt) · E(Lt) + Cov(Kt,Lt) where Kt, Lt and Cov( ) are 
defined above.  Economic theory and actual data establish that growth and interest rates are positively 
correlated and, because Kt is inversely related to the discount rate, the estimated value of Pt will be biased 
upwards if it is based on individual values of Kt and Lt.  If Kt is expressed on a net discount rate basis, 
and if the NDR is stationary, Lt will not be a function of future economic growth or inflation, and 
Cov(Kt,Lt) will equal zero.  Consequently, use of an NDR eliminates the bias in the estimated value of Pt.  
The stationarity requirement is not trivial and, as illustrated in the attached appendix, requires more than 
the completion of one or two statistical tests. 
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Appendix 
 
Addressing the stationarity of a given NDR requires more than the completion of one or two statistical 
tests.  A first step is to look at the NDR’s history through time.  For the NDRs based on the CPI for 
physicians’ services, this is done in Figures 1A and 1B.  In both figures, the NDR is based on the 10-year 
log-linear trendline growth in the physicians’ services CPI.  In Figure 1A, the NDR is based on the end-
of-period 10-year Treasury rate, while for Figure 1B it is based on the start-of-period 10-year Treasury 
rate.  Figure 1A supports the conclusion that the NDR is stationary while Figure 1B does not.  For both 
NDR measures the sample covariance and correlation between the 10-year growth rate and corresponding 
Treasury rate is reported for the 1979M12 to 2025M06 and the 1983M01 to 2025M06 time periods.  This 
latter time period was chosen to eliminate the period in which the Federal Reserve attempted to target 
growth in monetary aggregates rather than the Federal Funds rate.  For both periods, the correlation is 
significant and positive, indicating the use of separate growth and discount rates to calculate the expected 
present value of future losses results in estimates that are biased upwards.  
 
The second step is to examine the NDR’s correllogram – if the sample autocorrelations decay to zero, 
then the conclusion that the NDR is stationary is supported.  (See Box and Jenkins (1971), Nielsen (2006) 
and Enders (2010) for examples of autocorrelation functions for stationary and non-stationary series.)   
Figure 2A depicts the correllograms for the physicians’ services NDR based on the end-of-period 10-year 
Treasury rate for sample periods starting in 1979M12 and 1983M01, along with the 95 percent confidence 
levels.  For the first sample period, the sample autocorrelations are not significantly different from zero 
after 19 months, giving weak support to the conclusion that the NDR is stationary.  The support is much 
stronger for the second sample period – the decay to zero occurs earlier and is much more pronounced.  
Figure 2B depicts the correllograms for the physicians’ services NDR based on the start-of-period 10-year 
Treasury rate for the same two sample periods.  In both instances, it is clear that the NDR is not 
stationary. 
 
The third step is to conduct formal statistical tests to assist in deciding whether a particular NDR is 
stationary.  There are multiple statistical tests available to a forensic economist in making this decision. 
These tests differ both in the assumption made concerning the underlying process and in the specification 
of the null hypothesis.  For example, the augmented Dickey-Fuller (ADF) test tests the null hypothesis 
that =1 in the equation Yt =  + ∙Yt-1 +∑ .௞

௝ୀଵ j∆Yt-j + t where Y is the NDR, ∆ is the first difference 

operator, and t is a random error term.  By comparison, the Phillips-Perron (PP) test tests the same null 
hypothesis for the equation Yt =  + ∙Yt-1 + t but corrects for autocorrelation and heteroscedasticity in 
the error term.  For both the ADF and PP tests, rejecting the null that =1 supports the conclusion that Y 
is stationary. 
 
The Kwiatkowski, Phillips, Schmidt and Shinn (KPSS) test tests the null hypothesis that the series of 
interest is stationary.  Consequently, being unable to reject the null provides support for the conclusion 
that the NDR in question is stationary.  The KPSS test results provide four reference points of how low 
the confidence level must be in order to be able to reject the null: 

(1) greater than 99 percent; 

(2) between 95 and 99 percent; 

(3) between 90 and 95 percent; and 

(4) less than 90 percent. 

The strongest support for the stationary conclusion is given by the last of these four reference points. 
 
For a given set of observations, it may well be that different stationarity tests will lead to a different 
conclusion with regard to the stationarity of the NDR.  Consequently, the forensic economist should not 



8 
 

rely on the results of a single test but instead be informed by the results from several tests.  With respect 
to the NDRs in Figure 1A, the stationarity issue was examined using four formal stationarity tests:  the 
ADF test, two PP tests and the KPSS test.1 

 

The results of these tests for the Figure 1A NDR are summarized below: 
 

 
 

These results support the conclusion that the physicians’ services NDR based on the end-of-period 10-
year Treasury rate is stationary across the board, with the support being strongest for the  1979M12 
2025M06 sample period. 
 
The corresponding results for the physicians’ services NDR based on the start-of-period 10-year Treasury 
rate appear below: 

 
 

Note that the results for the slightly shorter sample period support the conclusion that the NDR is 
stationary.  This underscores the need for visual review of the data and to not rely solely on one or more 
formal stationarity tests.2   
 
Finally, the ordinary-least-squares estimate of  and its standard error in the equation Yt =  + ∙Yt-1 + 
t, with both the estimate of  and its standard error corrected for bias, was examined.  The difference 
between one and the absolute value of the corrected estimate of , measured in terms of its corrected 
standard error, informs the issue of the NDR’s stationarity – the greater the distance, the greater the 

                                                           
1 All four tests were performed using version 11 of E-Views.  The difference between the two PP tests lies in the 

technique to estimate the distribution of the error term in the PP test equation.  The first PP test utilized E-Views’ 
Bartlett kernel default, while the second utilized an autoregressive specification for the error term. 

 
2 I have seen reports in which the FE relied on a single PP test to determine whether a given series was stationary.  

While this allowed the FE to apply the  test and subsequent calculations to multiple series via a SAS macro, doing 
so runs the risk of either overlooking a stationary series or concluding a series was stationary when other evidence 
suggested it was not. 
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support for the conclusion that the NDR is stationary.3  For the physicians’ services NDR based on the 
end-of-period 10-year Treasury rate, the resulting estimate of  was 1.70 and 1.37 corrected standard 
deviations from one for the two sample periods, respectively.  These results provide strong support for the 
conclusion that the NDR is stationary.  For the physicians’ services NDR based on the start-of-period 10-
year Treasury rate, the resulting estimate of  was 0.30 and 1.03 corrected standard deviations from one 
for the two sample periods, respectively.  These results only provide weak support for the conclusion that 
the NDR is stationary.   
 
The above analysis supports the conclusion that the physicians’ services NDR based on the end-of-period 
10-year Treasury rate is stationary while the NDR based on the start-of-period 10-year Treasury rate is 
not.  Reaching the conclusion that the former NDR is stationary still leaves unanswered the question of 
what NDR value to be used and how its use is to be implemented.  The last observation of the NDR based 
on the end-of-period 10-year Treasury rate equals 2.90 percent, while the mean values for the two sample 
periods are 0.86 and 0.67 percent, respectively.  Because it is not reasonable to assume that the NDR will 
immediately fall by 170 to 220 basis points, some means of transitioning from the last known value and 
the long run NDR is needed. 
 
One approach that I have used is to estimate an autoregressive model to forecast the NDR from the 
immediate past into the future.  That is, the NDR is expressed as a function of one or more autoregessive 
terms, with the intercept being the estimate of the long run value.  A summary of the results of this 
analysis for the physicians’ services NDR based on the end-of-period 10-year Treasury rate and the 
1979M12 to 2025M06 sample period is presented below: 

 

 

Comparable results based on the 1983M01 to 2025M06 sample period appear below: 

                                                           
 3Orcutt and Winokur (1969) provide estimates of  and its variance that correct for the bias in the OLS estimates.  

In the results presented below, the estimated values of  were positive and less than one in all cases.  While an 
absolute value less than one is a requirement for a stationary series, in and of itself, it does not add support to the 
conclusion that the NDR is stationary.  However, a large distance between one and the absolute value of the 
corrected estimate of  measured in terms of its corrected standard error, does add support to the conclusion that 
the NDR is stationary. 



10 
 

 

In both of these tables, the numbers in parentheses are the t-Statistics corresponding to the individual 
parameter estimates.  For both sample periods the row (4) estimate has the highest adjusted R2 and a 
Durbin-Watson statistic that is close to 2, indicating no serial correlation in the regression residuals.  As a 
consequence, the reported t-Statistics can be relied on.  In particular, both of the estimates of the long-run 
NDR are significantly different from zero at more than a 99 percent level of confidence. 
 
One could argue that the estimate over the shorter time period is appropriate because it eliminates the 
period in which the Federal Reserve attempted to target growth in monetary aggregates rather than the 
Federal Funds rate.  A counter argument would point out that the same reasoning would call for the 
elimination of the period prior to November 2008 when the Federal Reserve first adopted quantitative 
easing as a policy tool, or that there is nothing to distinguish one estimate from the other in terms of their 
overall quality.   Additionally, while the range of the NDR for the pre-1983 excluded observations is 
higher than the values reached over most of the subsequent period, the differences from the most recent 
observations are not as great. 
 
Neither of these arguments are convincing, which leads to the question of what the impact of using one 
estimate to forecast the NDR is compared to the other.  A comparison of the two forecasts appears in 
Figure 3A below.  While the forecast based on the shorter sample period reaches its lower long-run value 
roughly 1.5 years sooner, the impact is not that material:  the cumulative present value of $1,000 per 
month for 30 years is only 3.7 percent higher using the lower of the two long-run NDR forecasts.  Given 
that risk adjustments to future losses would likely increase with time, in practice the difference would be 
even smaller. 
 
Finally, even though the NDR based on the start-of-period 10-year Treasury is not stationary, it is 
instructive to examine the corresponding model estimates for both sample periods.  The estimates for the 
1979M12 to 2025M06 sample period are presented below: 
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The estimates based on the 1983M01 to 2025M06 sample period appear below: 

 

Again, in both of these tables, the numbers in parentheses are the t-Statistics corresponding to the 
individual parameter estimates and, for both sample periods, the row (4) estimate has the highest adjusted 
R2.  The Durbin-Watson statistics indicate no serial correlation in the regression residuals, suggesting the 
reported t-Statistics could be relied on if the NDRs were stationary.  A comparison of the two forecasts 
appears in Figure 3B below.  While the forecasts are very close to each other, the difference with Figure 
3A is substantial.  The results in these tables and figures highlight the necessity of addressing the 
stationarity question first – jumping to estimation of a forecasting equation can lead to erroneous results. 
 
Conclusion 

The main conclusion of this appendix is that testing for stationarity is a complex process that starts with 
examination of the data through time and of the correllogram of the series in question.  Additionally, 
more than one formal statistical test should be utilized, rather than relying on just one.  Finally, the 
ordinary-least-squares estimate of  and it standard error in the equation Yt =  + ∙Yt-1 + t , with both 
the estimate of  and its standard error corrected for bias, should be examined.  Once the stationarity of 
the NDR has been satisfactorily established, a suitable autoregressive model should be estimated and used 
to forecast the NDR into a future.   It is important that the FE not jump to this phase of the process.  
Likewise, the FE should be wary of picking a sample period designed to generate some desired result, e.g. 
a high long-run NDR for defenses reports and a low long-run NDR for plaintiff reports. 
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Figure 1A – Physicians’ Services NDR
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Figure 1B – Physicians’ Services NDR (Based on Start-of-Period 10-Year Treasury Rate) 
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Figure 2A – Correllograms for Physicians’ Services NDR  
                     (Based on End-of-Period 10-Year Treasury Rate) 

 
1979M12 – 2025M06 

 
 

1983M01 – 2025M06 
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Figure 2B – Correllograms for Physicians’ Services NDR  
                     (Based on Start-of-Period 10-Year Treasury Rate) 

 
1979M12 – 2025M06 

 
 

1983M01 – 2025M06 
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Figure 3A – Comparison of the Forecasted Net Discount Rate 
         (Based on End-of-Period 10-Year Treasury.) 
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Figure 3B – Comparison of the Forecasted Net Discount Rate 
                     (Based on Start-of-Period 10-Year Treasury.) 
 

 
 
 
 
 
 
 
 


